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I n  carryirig out t h e  experimental work herein re,m-&ed, t he  writers 
xere ass i s ted  a t  Tne Eorden Chemical Company by Dr. %?or*@ IEtazaWa, Eead of 
t h e  Physical Testing Laboratory, Kr. a c h a r d  Trickey, Cher'nist arid by 
Lessrs. Ronald G. Burton and S. IJeeks, Assistants. A t  t h e  C a r l  F. Korberg 
igesezrch Center of t h e  E l e c t r i c  Storage Eattery Company, t h e  subcontract 
t e s t s  were supervised by IG?. J. Kelley. 
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1. 
I 

INTRODUCTION 

This  i s  the  Third Quar te r ly  Progress Report under KSS-5-9107, 
Nodification 6. 
improving the conductivity of methyl cel lulose membranes by precooling 
i n  aqueous a lka l i ,  o r  by pre-soaking i n  a l k a l i  solutions less concentrated 
than those t o  be used i n  the  bat tery c e l l ,  as well  as bj formulating with 
various polar addi t ives  including tetranethylamoniiwn hydroxide. 
ac ry l i c  copolymer systems have been prepared as candidates f o r  improved 
ba t te ry  separators. 
a l t e rna t ing  layers  of d i f fe ren t  types of membrane. 

Among the  subjects discussed herein a re  experiments 

Certain 

Other work i n  progress includes Multiple wraps with 



I 1) Physical modifications of methyl cel lulose membranes t o  m r e  
permeable s t ructure  was accomplished by precooling at  below -55" C. and by 
presoaking i n  KOH concentrations below those used i n  the  ce l l .  

a )  Precooling a methyl cel lulose membrane at below -55" CD i n  . 

303 KOH lowered t e resis tance or' the membrane a t  roon temperature from 
590 milliohms-in. t o  an average of 60 milliohms-in.2 
pers is ted over a 134 day period. 
rate f o r  s i l v e r  accompanied the  resistance change. 

!l The low resis tance 
Increased swelling and increased diffusion 

b) Presoaking Eethyl ce l lu lose  membranes in 15% KOH lowered t h e  
resis tance i n  both 30% and 45% KOH and likewise increased sweUing and pemea- 
t i o n  t o  s i l v e r  ion. 

2) Application of these permeabilization procedures t o  methyl cel-  
lulose compositions with polar additives resul ted i n  a wide range of e lectro-  
l y t i c  resistance. 
s i l v e r  diffusion rate would be too  high f o r  use i n  AdZn o r  AdCd c e l l s ,  such 
films might have appl icat ion i n  other types of ce l l s .  

Certain films had resis tance lower than cellophane; although 

3)  
Company i n  which the  electrodes are  wrapped with a l te rna t ing  layers  of differ- 
ent types of membrane. 
t o  s top  s i l v e r  by chemical. action, 
ce l lu lose  r e s i s t an t  t o  s i l v e r  o s d a t i o n  and penetration by zinc metal. 
of half-thickness (0.8 mil) were prepared for t h i s  assembly. 

Experimental c e l l s  are under t e s t  at Elec t r ic  Storage Eattezy 

One type is  predominantly polyvinyl alcohol and designed 
The other  type i s  predominantly m e t h y l  

Membranes 
0 

4) The tendency of membranes t o  crack at the U bend i s  being studied. 
Preliminary experiments were carried out on applying p las t ic izer ,  including t h e  
e lec t ro ly te ,  a t  t h e  area of stress.  

C3 f i lm  cas t  from solutions buffered d t h  KOH to pH 8 has r e s i s t -  
ance i n  454% KOH lowered from about 500 milliohms-in.2 t o  19 milliohms-in,2 
w a s  accompanied by a threefold increase i n  the average s i l v e r  diffusion rate.  
However, p rac t i ca l i t y  of these buffered f i lms i s  l imited by d i f f i c u l t i e s  i n  
t h e i r  manufacture. 

5) 
This 

6) A bat te ry  of c e l l s  prepared with C3 separator was charged three  
times and held f o r  stand-time periods before discharge of 76, 104 and 1'74 days. 
Capacity was reduced t o  an average of 90$, YO$ and 28% of nominal a f t e r  t he  
respect ive stand times 

7) The ef fec t  on resistance of long exposure (3 t o  18 months) of 
representat ive membranes t o  soluble s i l v e r  oxide i n  30$ KOH was found t o  be 
r e l a t i v e l y  minor. This was t r u e  even with readi ly  oxidizable films such as 
cellophane and polyvinyl alcohol which show high loss in strength. 



8 )  Copolymers of methacrylate e s t e r s  with acry l ic  acid were 
prepared by select ive hydrolysis of t h e  corresponding esters.  Coapositions 
up t o  45 mole $ of acry l ic  acid were prepared. 
films. Neutralization in part or completely with bases gave more f l ex ib l e  
f i lms  capable of being handled. Iiesistance values on one preparation were 
below those of cellophane i n  30% KOH, somewhat higher than cellophane in  45% 
KOH. 

These gave typ ica l ly  b r i t t l e  
0 

Si lve r  diffusion r a t e s  were correspondingly high. 

9 )  A methyl cel lulose composition incorporating 10% tetramethyl 
ann?onium hydroxide on the  polymer gave resis tances  i n  45J KOH of from 45 
t o  62 ohms-cm on four rep l ica te  preparations and KCT Flexes of 4000 t o  7000 
cycles. PePformance i n  experimental Ag/Zn c e l l s  at Norberg Research Center 
was good. 

10) Elec t ro ly t ic  resistancesof selected films were measured i n  
concentrated KOH saturated with Zinc oxide. 
in some cases increased considerably over t h e  corresponding resis tances  i n  
ZnO-free electrolyte.  

In  45% KOH, resis tances  were 



4. 

DATA & DISCUSSION 

A, Bod i f i c a t i o n  of  Kethvl Cellulose Nembranes by Pre-Coolinq 

The observation t h a t  heating a methyl cel lulose f i l m  a t  80" C, 
in 45% KOH increases i t s  e l ec t ro ly t i c  res is tance suggested t h a t  pre-cooling 
i n  e l ec t ro ly t e  might have the  opposite effect .  Experiments have shown t h a t  
t h i s  i s  indeed t h e  case. 
i t s  low freezing point, and a bath temperature of 55-60" C. below zero was 
maintained with dry i c e  and isopropanol. 
point of t h e  electrolyte .  Following t h e  cold treatment, t h e  30% KOH was warmed 
t o  room temperature and the  resis tance of t h e  films measured in duplicate,  with 
t h e  results shown i n  Table I. 

For these experiments 30$ KOH was chosen because of 

This was j u s t  short  of t h e  freezing 

TABU I, = Effect  of Fre-Cooling Xethyl Cellulose Films (1.5 mils) 
on Elec t ro ly t ic  Resistance 

- - 

Expt. No, 4Sz- Control 
21 136 la at 562- 7 9 U. 

Room Temp. 

Time of soak at 25" C. hrs. 0 19 0 0 0 

Pre-cooling at -55" C. t o  6 
-60" C. hrs. 

Resistance - ohms-cm 25' C. 

4 days 
11 days 
24 days 
31 days 
46 days 
68 days 
90 days 

3-34 days 

7 6 2 

*Used in silver di f fus ion  t e s t s .  

8 



5. 

The large lowerirq i n  res is tance w a s  accompanied by a correspond- 
in,: increase i n  the  permeability t o  dissolved s i lver .  As reported i n  the  
Second Quarterly Report, t h e  average r a t e  of d i f fus ion  of  s i l v e r  ion tllrouzh 
tlic mukrane increased from O.?AC;: t o  4.55 per d a y ,  cxprcssed i n  units of 
percent of t h e  s i l v e r  charged t o  one s ide of t he  membrane 

0 

The membrane is swollen by t h e  cold treatment. This was shown by 
amount of 3O$ KOH imbibed a f t e r  standing a t  room temperature f o r  th ree  days. 
The weight gain was S8b compared t o  25% observed f o r  t h e  nieinbrane when equi l i -  
brated d i r e c t l y  i n  3O,6 KOH without t h e  pre-cooliw treatment. 

The e f f icacy  of low temperature treatment i s  re la ted  t o  t h e  unusual 
so lub i l i t y  cha rac t e r i s t i c s  of methyl ce l lu lose  which is insoluble (gelled) by 
hot water but soluble i n  cold water. 

The pr inciple  of pre-coolin;: w a s  applied t o  a B3.3 film (33% poly- 
a c r y l i c  acid,  67A methyl cellulose).  
ance occurred i n  30J KOH a s  shown below. 

Here a l so  a marked reduction i n  r e s i s t -  
Very l i t t l e  e f f ec t  was found i n  45% KOK. 

' .  

T A R E  Ia, Zffect  - of Temperature - . - Histo on ResistAnce - of R3.3 Film 

Conditions 8esistance ohm-cn 

30s KOH 3 days at  25" C. 26.4 
30% KOH 6.5 9 hours at  -56" C., 3 days at 25" C. 

45% KOH 4 days at  25" C. 654. 
45% KOH 548. 

588. 
8 hours at  -58" C., 4 days at  25" C. 

45% KOH 9 hours a t  -27" C., 4 days at 25" C. 

The res i s tance  value f o r  pre-cooled B3.3 fi lm (33% Pa, 67% methyl 
ce l lu lose)  i n  30% KOH i s  iden t i ca l  t o  the  experimental value found here f o r  
P'UDO cellophane. 

The most dramatic reduction i n  res is tance was found i n  pre-cooling 
a methyl ce l lu lose  f i l m  which was cas t  from a d i l u t e  KOH solut ion incorporat- 
i n g  9,d KOH on t h e  polymer. In  30; KOH t h e  f i lm  was g rea t ly  softened, showing 
a tendency t o  s t i c k  t o  i tself .  
1.6 ohms-cm. 

Resistance was lowered from 74.6 ohms-cm t o  

Although s i l v e r  diffusion data  on t h e  pre-cooled S3.3 and LC f 9k KO3 
films were not obtained a high r a t e  would be predicted on t h e  bas i s  of t h e  cor- 
r e l a t i o n  of s i l v e r  d i f fus ion  r a t e  with resis tance observed i n  the  work of t h e  
Second Progress Report. 
be su i t ab le  f o r  a sibrer-zinc ce l l ,  but might show advantageous propert ies  
i n  o ther  c e l l s ,  as f o r  example oxygen/zinc. 

A film i n  t h i s  res is tance range might not, therefore ,  



6. 

A prac t i ca l  method o f  a?plying t h e  pre-coolin2 pr inciple  i n  bat- 
t e r y  c e l l s  would be t o  assemble the c e l l  as usual with dry membrane, then 
add e l ec t ro ly t e  and cool t h e  en t i r e  c e l l  i n  a cold box. 
able t o  include t h i s  procedure under the  present Contract. 
t a t i o n  of t h i s  approach, it would be desirable  t o  s t u Q  a ranze of coolin;: 
temperatures. 
e f f e c t s  under less severe coolin;: conditions by s t r a t e z i c  coThination of 
KOB-incorporation and cooling. 
without cooling it is desirable  t o  go up t o  
car r ied  out at -55" C., even 0.5; KOH-incorporation leads  to excessive 
swelling. 
t i ons ,  f i lms representing a range of KOII-incorporation should be t r ea t ed  i n  
a raxge of concentrations of concentrated KOH over a r a c e  of temperatures 
and exposure times. 

T j x e  was not avai l -  
0 

I n  fur ther  exploi- 

The poss ib i l i t y  should be e d n e d  of  obtaining similar 

I n  using t h e  EOH-incorporation approach 
Yb KO3 level .  If coolin;: i s  

I n  order t o  es tab l i sh  the  optimum ranze of pretreatment condi- 

Thc f ~ c t  that t h e  prep~rt..fes of methyl ce l lu lose  type f i lms are 
af fec ted  by exposure t o  cold a l k a l i  r u s t  be kept i n  mind i n  t h e i r  applica- 
t i o n  i n  ba t te ry  ce l l s .  
cont ro l  should be adequate t o  nlzintain a l l  f i lm p r o p r t i e s  including 
e l ec t ro ly t e  res is tance within desirable  limits. 

For example, i n  space appl icat ions teclperature 



7. 

. A s  reported i n  the  F ina l  Report of pvv ious  Contract, and on p a p  
lj of t h e  F i r s t  Progress aeprt ,  when methyl cel lulose i s  pl+e-siqollen i n  15;; 
KO?4, then equi l ibrated i n  30,; or  45; KOIi,  res i s tances  i n  the  s t ronger  e lectro-  
l y t e s  a re  of t h e  same order as obtained f o r  methyl ce l lu lose  f i b s  nodifled 
- d t h  polar mixtures. A prac t i ca l  nethod o f  exploitin,n t h i s  pro,wrty of i x t h y l  
ce l lu lose  would be t o  wrap electrodes o r  e lectrode foAms w i t h  methyl cellulose,  
condition these first i n  15$ KOH, then equi l ibra te  t h e  assernblies i n  e lectro-  
l y t e  of t h e  concentration employed i n  t h e  ce l l .  

The procedure was extended t o  include compositions of methyl cellu- 

The aezree of 
l o se  with polar additives. 
fur ther ,  i n  sone instances t o  values below t h a t  of  cellopl--iane. 
permeability obtained nlay be t o o  great 
oi i n t e r e s t  f o r  other  systems. 
experiments are given i n  Table Ii. 
swollen methyl cel lulose were reported i n  t h e  Second Quarterly Beport, 1965. 

A s  w a s  ant ic ipated,  res i s tances  were lowered s t i l l  

f o r  t h e  si lver-zinc c e l l  but could be -. ine  r e s u i i s  ui sevei'al sudi Fi-c;-a;.iellii-*z 
S i lve r  d i f fus ion  expcriiicnts on pre- 

The major mechanism operating i n  t h e  pre-soakin2 procedure i s  
believed t o  be t h e  solvating e f fev t  of t h e  d i l u t e  XOd. 
t e s t s  on the  15% KOH l iquor  a f t e r  swelling did show the presence of organic 
r a t t e r ,  so t h a t  t h e  enhanced conductivity could be derived i n  part from a 
leaching ac t ion  by t h e  more d i l u t e  KOA. 

Xowcver, qua l i t a t ive  

0 



8. 

T A B U  11. - Effect  of Pre%r.relling F i l m  i n  15,: KO:-! on 3csistance 
i n  302 and 45$ I:CH - -I_ 

IX c 1  c2 E2 E3.3 i C  -!- 
' 0  

33;: i,:c:ic 
465-118 421-116 421-102 522-1.05 504-29 534-53, 

D r j  Thickness - rLls  

Swollen Thickness - mils 
Direct ly  i n  303 KOH 
15; -+3O$ KOH 

Resistance - Oi-ii; :. --cm 
Direct ly  i n  36; KOH 
15%- 30; KOH 

D r y  Thickness - mils 

Swollen Thickness - mils 
Direc t ly  i n  45p KGH 
15; - 45% KOH 

Resistance - ohms-cm 
Direc t ly  i n  45$ KOiI 0 155- 1+5$ KOH 

1.5 

2.13 
2.3 

22.6 
9.1 

1.5 

2.28 
2.20 

738. 
7.4 

1.5 

152. 26.5 28.1 
6.7 2.9 4.8 

10 5 1.5 1.5 

10 9 2.1 1.74 
2. s 2.8 3.1 



5&5-64 

51;5 -20 
545-21 

jO&-139 

&99-15 

522-62 

1. ;. 

1.5 
1.5 

1.5 

1. j 

KG3 9 55. 66.9 7 926 i;,;’zO 1.5 



De Buffered C3 F i l m  

The p3 of t h e  solut ion f r G m  which C 3  f i lm i s  custozar i ly  cas t  
is 2.8. 
t o  lower t h e  e l ec t ro ly t e  concentration i n  a t i g h t l y  packed c e l l  frcm 30,; 
t o  25%. 
t o  t h e  cast ing solution. Films cast  from solutions buffered t o  p5 6 and 
pH 8 respectively were found t o  have res i s tanc  s i n  456 KCH of 33.8 ana 18.6 
nilli0hms-i.n. as compared t o  503 n-Llliohms-in. for custoirary ureA2usted 23 
a t  pH 2.8. The lowered resis tances  were accorqxmied by increased s i l v e r  
diffusion from 1.9$ per day t o  5.k; per day, expressed i n  a r b i t r a r j  mits 
Of percent of t he  s i l v e r  i n i t i a l l y  charged t o  one s ide  of t he  rr,erhru?e, 

Calculation snows t h a t  t h i s  corresponds t o  su f f i c i ec t  ac id i ty  

It was therefore  per t inent  t o  study t h e  e f f e c t s  of EGi addi t ions 

2 3 

Films cas t  from buffered solut ions had a disadvantageous ten6ency 

The e s x i i t i ~ r ?  was corrected by including 52 on pcbmer o f  e i t h e r  
t o  fissure on drying. 
tencieiicr. 
te t raethyleneglycol  o r  t r i e t h a n o l a i n e .  
submitted as NAS-9107-31 and -32 f o r  t e s t i n g  i n  exgerheri ta l  c e l l s  a t  
E l e c t r i c  Storage Eat te ry  Company. 
under this Contract, perfornance was not sat isfactory.  

KO drying method was found t o  prevent t h e  f i s su r inz  

Fil i is  of these co~ .~os i t i v r i s  i.iere 

As w i l l  be reported i n  t h e  F i n a l  Beport 



0 ,/’ ’ ” 

, E .-/,Cet hac ml i  c F, s t e r/Ac rvlic Acid C o po lyixer s 

/ 

Continuing e a r l i e r  reported work on these c o x p s i t i o n s  (1) (2), 
I several  copolyners were prepared according t o  t h e  scherat ic  in.Figure 1. 

1 

] Acrylic e s t e r  I 
i Kethacrylic e s t e r  i n  

Benzene solution 50g conc. 
Azobisisobutyronitrile i n i t i a t o r  

L P o w r i z e  at r e f l u  tempJ’ 
I 

I 
LReplace benzene with isoprOH] 

I 

Precipi ta te  into d i l u t e  HC1 ] 
1 

I 

FiFture 1 

Schematic fo r  Preparation of Acrylate Compositions 

Compositions were determined by elementary analysis and by titza- 0 
t i o n ,  with fairly good agreement being obtained. 
are given i n  Table IV.  

Pre;?arations by the  method 
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Formulation: Zthyl acrylate  moles 
Nethyl methacrylate n?oles 
Butyl nethacrylate noles 

Copolper  Es te r  s t a t e  

Properties Acrylate Es te r  by Sapon.* 1401. 2 

S o l i b i l i t y  i n  H20 
i n  aqueous bases 
i n  isoprOH 

e $  
H A  
0 $ (by diff .)  

Combined acry l ic  acid - I * h l  % 
from C 
from H 
from 0 

Combined ac ry l i c  acid by t i t r a t i o n  

so l id  serxi- s o l i d  s o l i d  
so l id  

42.2 51.4 Lc8.6 32.15 

S1.S. S1.S. S1.S. i.nsol. 
i n s o l  sol ge l  s o l  
insol?:. sol sol sol 

55.6 62.03 55.92 51.31 
7.25 8.45 7.15 7.38 

37.15 29.52 36.90 35.31 

44.0 47.8 33.3 33.7 
30.8 50.8 29.8 34.7 
46.0 49.2 32.0 33.4 

42.3 38.0 46.9 33.6 

e o l u b l e  i n  95% dioxane-$ water, dimethyl fonnmide, dimethyl sulfoxide 



13 . 
The solut ion polymers i n  t h e  acid fo rm were so l ids  of hi<?h soften- 

As 

The nethyl  methacrylate/acrylic acid copolyxers were corlpletely soluble 

in; points  and gavs b r i t t l e  films when cast  f rom polar orgmic  solvents, 
i s  evident from the  preparative nLethod they were only slightl;.  soluble i n  
vater.  
i n  xa t e r  when an equivalent of base was added and it w a s  possible t o  cas t  
f i h s  i r o x  such solutions. 

0 

The e f f ec t  of t h e  type and quantity of base added on the  physical 
propert ies  of t h e  resu l t ing  fi lms was explored i n  sone d e t a i l  i n  t h e  case 
or' t h e  485-102 preparations, using as bases KOH, amonia,  3-hydroqpropyl- 
v d n e  &?d triethanolamine. 

Xeferring t o  Table V, it can be seen t h a t  when arnn?onia was t h e  sole 
base t h e  r e su l t i ng  f i lm  was too  b r i t t l e  t o  take  up, reser;bling the  unneutral- 
i zed  Lmlymer cas t  from isopropanol. Tnis nay be ascr i led io  L i i e  p ~ s s l h i l l i t ~ ;  
t h a t  such films when coapletely d r y  are ac tua l ly  of t h e  same (acid) c o q o s i -  
t i on ,  axrnonia having been l o s t ,  i n  t h e  former case, by dissociat ion ar,d 
eva,wration. 
t h e  dezree of fle.xibil i ty of t h e  films by t h e  r a t i o  of perrranent (hi;her 
i.;o:LbLj, p las t i c i z inz  aliLines t o  a;nrronia i n  t h e  solut ions from which t h e  
r ' i h  were cast, as shown 5x t h e  table .  

Wnatever t he  explanation, t h e  observation was used t o  ccn t ro l  

1 .- 

. 



3 - 4 8  

67 

None 

1.0 

HPh 0.5 

HPA 0.5 

0.5 

KOH 1.0 

KOH 0.5 

2.0 - 
- 7.2 

1.0 8 72 

1.25 . 55 

1.0 8 43 

3.1 - 
1.25 - 

- too brittle t o  recover 

12.4. too  s o f t  t o  t e s t  

20.5 1.5 2,368 2,390 189 

26.5 1.9 451 4 , W  22 

26.5 1.7 5,741 1,960 96 

35.7 1.4 12,556 2,340 35 

47.7 t oo  weak t o  handle, v. b r i t t l e  

PUDO 

c3 

5.9 

16.1 

c. 1.0 20,000+ 17,300 28 

9 

9.8 

617. 1.5 754 uCY700 

- I!otes: * Per acid equivalent i n  p o l p e r  

J:+ 200 g. Tension kSTM 

HPA i s  3-hydroxjpro~~lar~Lne 
TEA is triethanolarnine 

(A) This  f ib .  was used in s i l v e r  d i f fus ion  t e s t s  (Second Repor t )  
i n  45$ KOH. It shoved very low oxidizabi l i ty .  
diffusion 5.8$/dayY which correlated with low resistance.  

Rate 02 Ag 

. 



\ 

Sanples of  the T i l r x  o l  "able 7 :.;Lye s e t  u? irA 30 x:d L5;: i ? 3  ar.d 
heated at 50" C. over a ?eriod o l  ssver2.l days as 2.1:easw2 Gf s t a b i l i t y  in. 
KOX. "he times required for disi i i tezrat ion are rioted i~ %kle V-a. 

Preparation 

5 63 -37-2 
563-59 

3 -hyaro;Cl'progyla,xine 
11 

A 
5 

563-61 t r i e  t hanolaaine 3 e 

563-62 KGH 5 12 

The r a t i m a l e  or' us- rrsthacryiate/acrylzte c ~ g o l p a r s  i s  based 
on t h e  observation t h a t  t h e  rricthacrylate e s t e r  Ir-oiety ?.-as n o t  xzaswably 
sa,mnified under r i o x a l  saponification cozditions 3Lercas t h e  acry la te  
rnoiety was readi ly  sa?oriified. 
50" C. reiates t o  a slow saponificatlon of t h e  s e t k a c r j l a t e  XGLS~;~ o r  of 
r e s idua l  a c c l a t  e :rcie+,:: inco,:;?leteb s a p ~ l 2 . d  ir, th 2-cpzratioc nas riot 
been estabkiskea. 

Xcether t h e  dis inteGra5on of t h e  f i h  at  

A cop*-er a c ~ l a t e / r ~ . ~ t ~ . ~ c r ; J l a t e  e s t e r  ms pcepzrea bv ez i i s ion  
pol;-z.eriza';ion (j63-137 of T&ie 3) with t h e  objective 
cl' o'ctakir-g a ?roduc'~ of 3 g n e r  ro lecular  weight and su lxr ior  physical 
?ro?eyt,ies. Tine product, a-Jil;e comterparLs obtained S;r solut icn p l p e r i z a -  
bion, shoxed l imited . s G l u b L i i % r  in p l a r  solvents but d i d  resporid t o  se l ec t iv s  
b j c r o a s i s  t o  netthacrylate/acq-LLc acid product, Tie prccuct was also d i f f e r -  
e m  ix not being n?easurably sxollen 'cy water. 

* .  

Z1ectrolyLi.c res is tance was 
h igher  than on f i l m  prepared from poljmers by solut ion pdyxerizat ion.  



16 . 
The e f f e c t  of saturat lnz electrolybe with zinc oxide on the  r e s i s t -  

ance 02 kejr fibs i s  ziven i n  Tables VIa u l d  b. 
served i n  30,l KCX, considerable effect  was f0ur.a i n  45;; GH, r e f l e c t i r c  the 
Srea te r  s o l c b i l i t y  of zinc oxide i n  the s t ronzer  XOX.  
respectively 5.6 g/100 cJ.. and ll.j gf100 rLL. i n  30:; a d  45,: 

Xierees l i t t l e  e f f e c t  was ob- 

SoLib i l i t i es  a r e  
2 G L  

522-119 
522-62 
I no-_Lr 
534-105 

545-62 
534-53 
545 -54 
499-15 

+/ /  u/ 

11.2 
35.3 
62.9 
36.1 
31: = o  
25.6 
29.6 
22.0 
18.05 

7.6 
18. E: 
41.6 
25.6 
33.7 
16.5 
20.0 
21.8 
16.1 

3.3 
1.9 
1. 97 
2.6 
3.05 
2. E 
1.6 
1.9 
2.55 

8.3 
38.0 
s3.3 
35.2 
28.3 
23.1, 
41.8 
29.4 
18.0 

3.3 
1.9 
1. 97 
2.6 
3.05 
2.8 
1.6 
1. E 
2. 55 

5.9 
20.7 
55.0 
25.0 
18.8 
15.0 
28.1 
29.2 
16.0 

L 

a II I A ~ G  I-- ,-  VIb. Effect  on i3esistarxe of Saturat inz 4.5; KO3 w i t h  ZnO 

3.e s i  stance S2ecif ic  3esis tarxe ( ~ m s  
Refer- Composition Thick- milliohzs-in. 2 per ~ r : r o ~ e r i  T n i c h e s s )  
ence ness 45L 45,d 1 , 5 ; ~  dG3-ZnG 45,;: K G 3  

Ery 
< -  

&is KOii-ZnO KGH 2121s ohr;is-cm lrils O~ILS-CX 

522-119 
522-62 
563-101 
563-17-6 
545-62 
534-63 
545 -19 
499-15 

PiTDO Cellopnane 1.0 
C1 f- 2& ii Lactate 1. 7 
lX 4 9,: KC5 1.5 
T V A l C  (42-88) 1.6 
PVAlc (30-98) 1.4 

?.X + 33;L K Acetate 
T V U C  (42-88) 9j/P'J!XA 5 1.6 

1. 4 
1.3 
1.6 

19.6 
225. 
340. 
46.7 
43.9 
38.9 

92.5 
249 . 
485 . 

11.6 
68.6 

29.0 
31.5 
19.2 
53.8 
61.7 

244. 

503. 

3.1 
2.6 
2.2 
3.2 
2.4 
3.0 
1.6 
1.6 
2.3 

16.1 3.0 
220. 2.6 
393 . 2.2 
37.1 3.2 
h6.5 3.45 
33.8 3.7 

351. 1.7 
3 7 0  1.6 
536. 2.3 

9.6' 
66.9 

3i. 6 
23.1 
12.5 
76 . 
98. 

555. 

25'2. 



17 . 
G. C-xidation of F i l m  by Silver G:cide i n  30,; XGS 

It i s  of i n t e r e s t  t o  erc::ine trlzether increases i n  i rkerna l  res is tance 
of  a c e l l  cbserved h5th continued c;rclixs ccuid a r i s e  IFO:=, clheracai cLar.;e i n  the  
separator. 
o,xi.de, and allowed t o  starid Tor periods r a g i n 2  f r o x  three  a n t h s  t o  over a year. 
The kzzO-KCii solutions were renewed at l e a s t  once a noii;h t o  insure azalzst de2le- 
t io r ,  o f  dissolvad s i l v e r  oxide. 'ice data  slrriiimrized i n  7z51e 'JII sho:.; tkaL t h e r e  
is a Gerieral tendency for resistarice t o  be sloi.rQ~ lo i ierec!  by ccntir-ued e-oscre t o  
t h e  a lka l ine  s i l v e r  solution. Tie ce1lcphar.e and plpiryl alcok.,ol f i k m  wem, o f  
course, weakened by t h e  treatrr,ent and had t o  be handled : T i t i =  cars. 

0 
3epreser.tativa TiLm were s e t  up i n  30,; KCZ, sa twa ted  trit:? silver 

374-61 
421-lCq 
421-66 
421-102 
&21-99 
421-95 
499-33 
499-753 
522-U.0 

1.0 2.9 
1.5 2.7 
1.6 2.2 
1.6 3.1 
1.5 2.2 
1.5 2.4 
1.5 2.0 
1.4. 2.2 
1.5 2.0 
1.5 2.3 
1.8 2.1 

53 2 
199 
532 
522 
217 
522 
98 
194 
212 
2l-l 
120 

7.6 5.3 
24.7 23.9 
23.6 16.0 
U.0 8.6 
72.8 47.5 
19.0 19.8 
12.5 E;. 2 
12.0 10.4 
59.5 51.3 
13.1 12.9 
31;s 26.6 

Kotes : (A) PVAlc (42-88), te t rzethylene glycol 22;; 
( 3 )  

C 
E 

>:ethyl c e l h l o s e  65, hyaroq-ethyl cel lulose 35 
types a r e  nethyl cellulose c o z p s i t i o n s  wLth W-&A 
types are riiethjl cel lulose conpositions with ?Mi 

(F) ~2 + IG 3-~yciroqypropylaniriine 



subslittec t o  successive star,c! tixes of 76, 101, ar,d 174 dzys acd t h e  A.H. 
capaci ty  deterrLned al’ter ezch star,d period by aischargin; .- at  .C/5 t o  1 volt. 
CharzinS r a t e  was C / ~ O  t o  100,o’ of previms capacity. ~ l z t z  are  sumarized i n  
Table ViII. 

Stand Time t o  L O  V O L t  

Days 
Ce i l  Xo. 1 Cel l  I;o. 2 C e F  Lo. 3 

Cha,-;ed 1/20/66 
Discharged 4/6/66 76 

Charzed 4/6/66 
Discharged 7/19/66 lo4 

Charged 7/21/66 
Discharged 1/9/67 174 

8.75 -9.00 9.04 

7.08% 7 . 08-3 7.0%:- 

2.31 3.93 1.31; 

FGilowing t h e  last  discharge, t h e  KO. 3 cell. ?.;as Cisasserbled and 
t k e  s i l v e r  content of t h e  first ar-d f i f t h  ?naps deterr??ined, I n  Table IX t h e  
r e s u l t s  are coxpared with s i l v e r  ar,alyses on separators  from t : ~ o  other  c e l l s  
of d i f f e ren t  his tory,  and fron other sources. 



Sis tory  

Treser i  SS 5.5 Eugess Cel l  
3 saccessive s tand t k e s  

d t e r  E j  cycles 
LEI Crane 

t Lie 

21.7 2.05 

31.2 

8.45 7.82 

1. h 

- 
LE t h e  presefit ex2erhie;lt t h e  s i lvered wr~.ps  skoxed a c l ea r ly  v i s i b l e  

;radier;t i n  s i l v e r  distribu-lion Trox  t h e  first t o  t h e  5 t h  m e p  as was the  case 
f o r  sr.aps f r o n  t h e  AdZn c e l l  a f t e r  85 cycles. 
s:?o,--led a f t e r  a th ree  Eoxths stand period, shwed an even d i s t r ibu t ion  o f  
s i l v e r  fron t he  f i r s t  t o  t h e  f i f t h  wrap. 

The c e l l  ?roo JPL, wiiich was 
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i n  t h e  U-mappin, technique, two s i1ver  electrodes ara placed b u t t  

T>Le assex's3 i s  
ends opposin,z across t h e  L i t e r a l  diii-ension of a r e c t w - y h r  ser,arator s t r i p  
arid folded fcr  several  ma2s i n  %ne 1onZitudha.l direction. 

raai,pulaticri r e s u l t s  i n  tension 2% the bend, 2nd i n  c o x  cases develo~r-en-l or" 
cl"acks, especial ly  i n  t h e  outer  fold. 
p0ir.t of fo ld  iL?d, no dou'st, stresses  of urlzicwn rra@kuck. 

t k m  folded at t h e  rr,edim line t o  g ive  a 5-berid enclosicz the electrodes. mr iais 
- In  all cases creases r ad ia t e  frm the 

3xx&riation of se?a-atcrs :roc m f i l l e d  c e i l s  pre2ared l o r  i;BSA 
t e s t s  usin; OUT cexbrmes, s h o ~ - a i  czacks at  t h e  fo ld  ever! occasionally in 

the cese o f  a c e l l  pre-mred v i t h  a fiL% i n  :diich C1 foixxLLetior. '(:as mocir'ied SJ 
t h e  d d i t i c n  of potassinn l a c t a t e  (?:AS 5-9107-15, 22) ,  about 30,; or' t h e  f o l d s  
s1?c!:Lr?~ U m Q - . i l r e ,  

r..-rap$n;, electrode for:rs Irere careful ly  ;:Tapped m d e r  5 0 , ~  controlled r3Lati;re 

either nct at, all ir, t h e  case of  the KAS j-9107-15, 22 and ir, C 3  se; )3rato~,  o r  ir, 
t h e  outside wrap. XeverLhelass, it was c l e a r  frm examination of  t h e  wraps t3at 
weak poirits were introdwed b;r t he  'J-ma? technique. 

.L h e  case or' cellophane co??trol cells .  n h e  e o s t  cracks xers  encomtered i n  

To es tab l i sh  ;.diether t h i s  occu red  f ror :  i x p o p e r  corxiitions of 

ku~iciltj.. The incidence cl' crackiRg vas considerably recwed, r q t u r e  o c c u r 5  n;9 

To stuciy t h i s  x r e  carefully t h e  separators of pr incipal  i n t e r e s t  i n  
t k e  curient  contract  were applied as U-wraps and, after a period of a Zetz weeks 
stw-din; i n  the  folded cocdition, t he  f i l m  were careful ly  u;mrap?cd f o r  exarxina- 
t i c n ,  Ii'one of the s e p r a t o r s  o f  t he  current studj  sho-iied v i s i b l e  holes ur-der a 
stereoricroscope. Eo:lrever, mny  showed per.wlent creases rad ia t inz  f r o 3  t h e  
:old, particulal-151 i n  t h e  oa te r  maps ,  suzgestinz incipient  cracks. ??? is  xas 
p a r t i c u l a r l y  observable i n  the  C 3  -ea? and i n  t h e  NAS 5-9107-22 f i l m  (Cl -+ 
l a c t a t e ) .  

In an atterr2t t o  deter.nine whether ph;.sical weaknesses did in f a c t  
e x i s t  at  t h e  fo lds ,  t e n s i l e  strips were cz t  i n  the  m t e r  t . r ra~ ,ocrtion cl' t k e  
cJ:iZaT?e< s e p x a t o r s  SO that  t h e  creaszc! 20rtio;l IV%S ZJGC~;: I n  t k  test st::?. 
TensiLe stren;ths were then neasured i n  cori2arison t o  adjacent areas  corkair5.nz 
no creases. Observations were rade of t h e  point of break. ilesults a r e  s h o m  
i n  Table X, 

. -  
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c1 
z k c t .  
(574-60-1) 

2 
3 
4 

7 
I 

3 
4 

2 
3 
4 

2 
3 
4 

2 
3 
4 

2 
3 
k 

2 
3 
4 

1.4 
1.4. 
1.4 

1.4 
i. 4 
1.4 

1.3 
2-03 
1.3 

1. -4 
1.4 
1.4 

1.5 
1.5 
1.5 

1.2 
1.2 
1.2 

1.4 
1.4 
1.4 

e , m  5 
11,500 2 

Ei,&GO 5 
9 3 7  

2,765 20 
2,047 

Z,?EO 26 
11,2C3 4G 

16,050 e 
14,zco 10 
15 j 550 

5,660 22 
6,550 40 
j,!+10 15 
5,673 
- 

i 
+ 
-- 

i- 

i 
T 

1 

i 
- 

- 
hole - 

i 
- 
- 

+ 
tear 
-!- 

+ - 
- 

6 
5 
7 

-42 
4.L 
43 

l <  
-/ 

39 
25 

60 
60 
62 

li-5 
30 
26 

4 
(6) 
6 

25 
ll+ 
20 

7 0;; 

9 j j Z  

99; 

1013 

(1) i = broke a t  crease - -  - broke at o t h e r  locziior,s o the r  than crease. 



2 sr : -~ i l  cracks 
co  holes 
A. ho les  
holes a t  corners, Til: 
s t . icks 
hoies at comes, 6 cracks 
holes a t  corricrs, 6 cracks 
nc koies, nor.-stichj 
i hole 
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K. Thin F i l m  i n  CoFbinations of  Two Types 

I n  t h e  s i l v e r  diffusion experiments or".the Second.Progress %port  
it was found t h a t  f i l m s  of polymers of high hydroxyl content such as cel lo-  
phane, polyvinyl alcohol and hydroqethyl  ce l lu lose  are ef fec t ive  b a r r i e r s  
f o r  s i l v e r  ions. The b a r r i e r  act ion was shown t o  be che:-.2ical, s i l v e r  being 
reduced by t h e  nenbranes and deposited the re  as metal. 

On the  other  hand, odca t ion- res i s tan t  types, as exerrpllfied by ' 

nethyl  cel lulose formulations, pe r r i t t ed  some d i f fus ion  of  s i l v e r  but showed 
superior  perforrcance ir, f i e l d  t e s t s  i n  retarding zinc penetration. These 
f indings suggested t h a t  a combination of the two types provide a superior 
separator  system f o r  ' the  si lver/zinc ce l l .  

An ear ly  attempt t o  appljr t h i s  pr inciple  1m.s t h e  developrnent of  
t h e  t r i p l e  laminate f i l i i  (C3/PiTAlc/C.3)- ( U S  5-9107-5.). dlthoush perforrarize 
i n  c e l l s  of t h i s  separator were fa i r ly  s a t i s f a c t o q ,  cont ro l  d i f f i c u l t i e s  ir, 
t h e  xanufacture of  t h e  fiLi.s indicated t h a t  exact dupl icat ion .ni,;?t be qiLte 
d i r f i c u l t  t o  achieve. 
in a m e t h y l  cellulose-polyacid fornulation (KA3 5-9107-11) as a homogeneous 
fih It was found, however, t h a t  polyvinyl alcohol so  d is t r ibu ted  was not 
e f f i c i en t  as a s i l v e r  barr ier .  

An a l t e rna t ive  approach was t o  include polyvinyl alcohol 

The present scheme i s  based on cast ing t h i n  films of t h e  two types, 
superinposing t h e  t h i n  films, and wrapping the  electrodes i n  the  double t h i n  
r"iL.as. 
t h e  two tjrpes without introducing addi t iona l  se,parator material. 
advantage t o  be ex-pected i s  reduced chance of cracking a t  t he  folds because 
of t h e  much grea te r  f l e x i b i l i t y  o f  t h i n  films as shown i n  Table X I I .  

Thus, fibs cas t  at half t h e  usual  thickness givs  a l t e rna te  layers of 
Another 

T A E B  XII. - Effect of Film Thickness on F l e x i b i l i t y  - 
KIT Flex 200 g. Tension 50;s 2.3- 

Cycles 
Composition 

mils Cycles rils 

0.6 1,Ei65 
0.6 uC,633 
0.7 11,1;11 
0.6 >20,000 
0.9 8,534 

1.5 754 
1.5 5 y 295 
1.5 3 , 5 U  
1.4 10 , 3 ~ ; o  
1.5 2 y N 3  

. 

- 0  ' 



It was per t inent  t o  inquire whether t h e  introduction of 
addi t icna l  surfaces would r e s u l t  i7. a spec i f ic  res is tence z rea t e r  fo r  a ,zLven 
conbination than t h e  addi t ion value f o r  the i n d i v i a h l  fiLm. * kcc rd ing ly ,  
a numiser of po ten t i a l  combinations of t h e  two types of  t h i n  2 i h s  '+iere t e s t ed  
as pa i r s  i n  t h e  Kelley-%lkind resis tance c e l l  as shoim i n  Table X I I I .  
Results general ly  showed t h a t  t h e  conbipations gave t h e  addi t ive res i s tance  

I of t h e  individual  f i h s .  The tests were rade under i d e a l  conditions, t h s t  
is, t h e  specimen f i l m  were equi l ibrated for th ree  days in t h e  e l e c t r c w e  
&?d placed qui te  w e t  together  before being secured i n  t h e  ce l l .  
noted, however, t h a t  when t h e  soaked specinens were b lo t ted  before assenbly 
inordinately high res i s tances  were encountered. 
complete wetting of t h e  electrode wrap of t h i n  f i h s  would be e s s e n t i a l  t o  
p r o p r  performance. 

It was 

It appears, therefore ,  t h a t  

A number of t h i n  f i l m  cozbinations were prepared Por c e l l  tests 
i n  t h e  h'orberg Laboratory. 
Report. 

i iesults will be reported i n  t h e  Fourth Guarterly 

a 
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T.iEE XII-I-a. Xesistance of  Thir, FiLn.sL Sin,..;ly and In Pairs (30,6 XGY) 

II_ 

3e sist ance 
oi-ms-cm based Thickness 

FiLm Composition Dry Swollen pi1lio:hxs-m * .2 on ~ w o ~ e n  0 bils mils?:- Found Calc 'd. Thickmss 

574-15 C3 (thick) 
547-19 c3 
574-25 c3 

1.5 2.54 13.3 
0.7 1.18 4,56 
0.7 '1.18 5.89 

13.3 
9.8 

12.7 

563-17-6 PVAlc (30-98) (thick) 1.5 2.88 19.00 
574-9 P V A l C  (30-98) 0.7 1.33 6.55 
574-28 WAlc (42-&8) 0.8 1.39 10.07 
574-7 WAlc (42-88) 0.8 1.39 9.12 
5 7 4 4  PVAlc (42-86) 95/.PV?*24A 5 0.8 1.58 7.60 

16. E; 
16.3 
l & L +  
16.6 ' 

12.2 

C3 pH 8 + 5% TEA 0.7 1-06 20.5 49.1 
C 3  pH 8 + 53 TECI 0.7 1.06 16.91 40.5 

574-21 
574-22 

107 . 
15.6 

574-50 KC + 285 K ~ ~ K O H  0.7 .89 13.3 
574-27 KC +33$ K Acetate 0.7 84 4.18 

38.0 
12.7 

13.87 

17.1 

56.8 1 
0.7 1.33 
0.7 1.18 

U.87 

17.29 

(54.6) 

17.3 

l4.44 

15 . 96 

26.99 

16.72 

15.2 

U. 25 

13.30 

174-28 
574-25 

0.8 1.39 
0.7 1.18 

FfAlc (42-88) 
C 3  pH 8 + "EG 

0.8 1.39 
0.7 1.06 

17.8 1 C 1  + 283 K Lactate 
PVAlc (42-88) 

0.6 1.08 
0.8 1.39 

i C 1  + 2gd K Lactate 
PVAlc (30-98) 

0.8 1.08 
0.7 1.33 

13.1 

1 KC + 33% i( acetate 
PVAlc (42-88) 

0.7 . 84 
0.8 1.39 

U. 63 

12.92 12.3 1 PVAlc (42-88) 95/PWKh 
C 1  + 2S$ K Lactate 

5 0.7 1.58 
0.8 1.08 f - 
0.7 039 
0.7 1.59 22.6 1 22.0 26.2 

*woU.en thickness i s  calculated from weight of 30% KOH picked up 



26 . 

499-65 
574-9 
574-14 
574-28 
574-7 
5744 
574-29 

574-19 
574-25 
574-15 
5'14-21 
5711-22 

574-27 
574-20 

574-18 
574-26 

574-50 0 
574-9 
574-25 

r574-28 
1574-25 

174-29 
b74-26 

D74-26' 
L574-22 

Q74-29 
r574-50 

0 

PVAlc ( t h i c k )  
PVAlc (30-98) 
PVAlc (30-98) 
PVAlc (42-88) 
PVAlc (42-88) 
PVAlc (42-88) 95/?KXk1 5 
PVAlc (42-68) 95/PWd3a 5 

C1 -k 28$ K Lactate 
C1 + 282 K Lactate 

PVAlc (42-88) 
c3 

PVAlc (42-88) 
1.Z + 28% K Lactate 

PVUC (42-88) 
C1 + 283 I( Lactate 

PVAlC (42-88) 
KC + 33% K Acetate 

PVAlc (42-88) 
C3 PH 8 + 5% TEG 

1.5 
0.7 
0.7 
0.8 
0.8 
0.8 
0.7 

0.7 
0.7 
1.5 
"? 
0.7 

0.7 
0.8 

0.8 
0.8 

0.7 

0.7 
0.7 

0.8 
0.7 

0.7 
0.8 

0.8 
0.8 

0.8 
0.8 

0.8 
0.7 

0.8 
-0.7 

0.7 
0.7 

2.88 
1.113 
1.73 
1.76 
1.76 
1.97 
1.72 

1.18 
.1. 18 
2.54 
-_ 1 - 1 R  -_ 
1.16 

. 82 . 94 

1.10 
1.10 

. 94 

1.73 
1.18 

1.76 
1.18 

1.72 
1.10 

1.76 
1.10 

1.76 
1.10 

1.76 
82 

1.76 
1.18 

94 
1.72 

31.5 
10.1 
9.7 
7.5 
8.9 
7.2 
6.4 

240. 
291; 
368. 
48.6 
41.4 

4.6 
170.0 

9.1 
8.9 

22.2 

216 . 
248. 

23.0 

167 . 
23 

19.2 

45.2 

40.3 

304 

302. 

15.3 

178. 

16.4 

12.1 

4-8. 9 

28.6 

27.13 
UC. 8 
3-40 2 
10. s 
12.8 . 

9.3 
9.5 

520. 
634. 
368. 
104 . 

89. 

14.3 
460. 

21.0 
20.5 

60. 

189 . 

28. 

l49.1 

20.1 

18. j7 
_1 

39 . j  
. 

109. 

~~ ~ - 

%-dollen thickness i s  calculated from weight of 45$ UX Picked UP. 



Pre-cooling a ;net!iyl cel lulose nexbranc at  Selov -55" C, i n  303 
potassium hjciroxide solut ion lowered t h e  resis tance of  t h e  meinbrafie a t  roox 
t empra tu re  f r o n  590 t o  60 nilliok-ns-in,2 
a 134 day period. 
were also brought about by t h e  pre-cooling cycle. 

The low resis tance pers i s ted  over 
Increased swellin2 and increased d i f fus ion  rate f o r  s i l v e r  

Application of a s i r i lar  pre-cooli,x cycle t o  c o z p s i t i o n s  ii 
which net'lyl cel lulose i s  nodified by polar addi t ives  can r e s u l t  i n  s t i l l  
grea te r  decreases i n  resistaiice,  even t o  l eve l s  lover  than  t h a t  02 cellophane. 
Since s i l v e r  d i f fus ion  r a t e  :rould be correspondkzly high, such f i lms  by them- 
""I."" c . n l - r - c  +-h+ W"., a_-- nnf he qynpr ia t .e  for  use i n  secondayr Ag/Zr, o r  AdCd ce l l s ,  
Study of t h e i r  use i n  layered combinations with f i lms which scavenge s i l v e r  
i s  recomended. 
i s  also recorimended. 

Invest igat ion in other  types of c e l l s ,  such as zinc-oqgen,  

?re-soaking methyl cel lulose inembranes i n  1.53 ICGH not onbj  lowers 
t h e i r  e l e c t r o l y t i c  res is tance i n  e i the r  305 o r  45% KOH, but a l so  increases  swellin;= 
and pemeat ion t o  s i l v e r  ion. 
c o q o s i t i o n s  i n  which methyl cel lulose i s  modified by polar addi t ives  can r e s u l t  
in st i l l  g e a t e r  changes. 
l ove r  tha-? t h a t  of cellophane. Since s i l v e r  d i f fus ion  r a t e  rrould be correspond- 
Li~gly high, such filrrs by thernselves might not be appropriate Tor use i n  secondarj 
Ag/Lz  o r  AdCd ce l l s .  
which scavenge s i l v e r  i s  recornended. 
such as zinc-oqgen, i s  a lso recomended. 

Application of t h i s  pre-soakix procedure t o  

Zlec t ro ly t ic  res is tance can be decreased t o  l e v e l s  

Studjr of t h e i r  use i n  layered corrhinations with f i l m  
Invest igat ion of o ther  types or" c e l l s ,  

Flexible films which had excellent conductivity i n  45,: potassium 

14IT f l e x  of t h e  dry fi lm was grea te r  
hydroxide were pre,wred with t h e  conposition one part tetramethyl amonium 
hydroxide t o  t e n  parts methyl cellulose.  
than 4OOO cycles at 50; R.H. 
cin. 

E lec t ro ly t i c  res is tance i n  45:: K O 3  was 54 f; 8 ohxiis- 
Preliminary evaluation i n  A g / ~ n  c e l l s  was pronising. 



28. 

Tfie res is tance i n  45:: KOJ of ~3 fibs i s  lo;.rered from 500 t o  
19 nil l i~hms-in.~ 
t o  p:i C. 
Prac t i ca l i t y  of these buffered i s  f o r  the,present  l imited by d i f f i c u l t i e s  
i n  t h e i r  panufacture. 

Sy cast in2 the  filo; from aqueous solut ion buffered with KOi! 
S i l v e r  d i f fus ion  rate is  concomitantly increased three-fold. 

v. 

Films my be Anade frorn ce r t a in  copolymers of nethacrylate e s t e r s  
These films are su-2icLuiilj- fla-l;lc tc! 

Values as low as f o r  cellophane i n  30-405 KO3 

witii svibstituted am.onium acrylates.  
be handled i n  operations such as wra2pin: electrodes. 
va r j  wi th  polpier  composition. 
can be reached, but s i l v e r  diffusion i s  then correspondingly high. 
a r e  prepared by se lec t ive  hydrolysis of c o p o l p e r s  of inethacqrlat e e s t e r s  
bi-itih acqr la te  e s t e r s ,  followed by partial or  complete neut ra l iza t ion  of  t h e  
resultant ac ry l i c  ac id  coFlymer by addi t ion of an amine base. 

S l ec t ro ly t i c  res i s tances  

The c o p l y n e r s  

VI. 

n d  
Xheri t h e  L-bmd tscki-Lpe i s  used t o  m a p  segarztor rrmibranes 

iectrodes,  it has been observed t h a t  even r e l a t i v e l y  f l ex ib i e  fibs 
sor.eti jes exhibi t  a tendency t o  crack a t  t h e  U-bend i f  not handled with exces- 
s ive  care. 
found t o  be t n e  p r io r  appl icat ion ol’ e lec t ro ly t e  solut ion t o  t h e  a rea  t o  be 
s t ressed.  
e lectrolyLe solut ion has t h e  advantage of subs t an t i s l l y  adding nothin: t o  t h e  
f i ina l  assembly. 

An effect ive way of decreas i r i  t h e  chance of  such daimge has been 

Other p l a s t i c i z inz  solut ions mizht serve t h e  sax purpose, but 


